Abstract-This paper investigates user-level (or perceptual) QoS of audio-video transmission over IP networks with terminals of different size monitors. As the first step of our research, we treat large-sized monitors. By experiment, we assess the user-level QoS for three monitor sizes (80, 60 and 40 inches) and perform QoS mapping. In our experiment, we changed the monitor size by using a projector. The user-level QoS is assessed by the method of successive categories, which is one of the psychometric methods. Moreover, we performed QoS mapping from application-level to user-level with multiple regression analysis. The experimental result indicates that when the degradation of the quality of the audio-video transmission is not noticeable, the user-level QoS of the large monitor size (i.e., 80 inch) becomes the highest. We also observe that when we can notice a low level of degradation of the transmission, the user-level QoS parameter of the large monitor size becomes the smallest. When the degradation is too much, we hardly notice any difference in the user-level QoS between the monitor sizes. We thus confirmed that the monitor size is one of important application-level QoS parameters we must consider.
I. INTRODUCTION
Recently, as many types of access networks such as IEEE 802.11 wireless LANs become available in the Internet, we can receive audio-visual application services in ubiquitous environments. For example, let us consider audio-visual broadcasting over the Internet. Some people may see the broadcasting with a huge display on the street, while the others may watch it via their PDAs with a wireless LAN. Moreover, in future mobile networks, cross-device handover will be realized [1] ; it supports seamless handover between various types of terminals which treat audio-video transmission. Thus, we may watch the same audio-video stream with different terminals according to our situation.
In audio-video transmission over a ubiquitous IP network (i.e., an IP network in the ubiquitous environment), we use various terminals; the monitor size differs from terminal to terminal. The difference in monitor size between terminals can affect our subjectivity of audio-video transmission. Therefore, in order to achieve desirable user-level QoS in a ubiquitous IP network, we must understand the effect of the difference in monitor size between terminals on user-level QoS of audio-video transmission. However, it has not been clarified how the difference affects the user-level QoS of audio-video transmission over a ubiquitous IP network.
The user-level QoS is perceptual one and the most important in audio-video transmission because the last recipient of the service is a user. Since the Intemet has a layered structure, QoS also has a layered structure. For example, reference [ 21 identifies six levels of QoS: physical-level, node-level, network-level, end-to-end-level, application-level and userlevel.
Many researches have indicated the effect of monitor size on video subjectivity; for instance, see [3] , [4] and [51. However, they were studied in local environments; that is, video is not transmitted over networks. On the other hand, there are some publications which study the effect of various aspects of video on the user-level QoS of audio-video transmission. For example, Steinmetz treated audio-video streams in three different views: head, shoulder, and body [6] . He investigates the subjective tolerance of skew, which is difference between audio delay and video one. Frowein et al. used two spatial resolutions, CIF and QCIF, and assessed the potential effectiveness of videotelephony as an adjunctive aid to speech reception by the hard of hearing [7] . Nakazono studied the effect of video frame rate on speech perception in multimedia communication [8] . However, references [7] and [8] The authors proposed the utilization of psychometric methods for user-level QoS assessment in multimedia transmission [10] , [111. The psychometric methods were proposed to measure human subjectivity quantitatively in the psychological field [9] . In [10] , the authors use the method of paired comparisons and Thurstone's law of comparative judgment [9] . Moreover, in [11] , the method of successive categories [9] is utilized.
With the psychometric methods, the human subjectivity can be represented by a measurement scale. We can define four basic types of the measurement scales according to the mathematical operations that can be performed legitimately on the numbers obtained by the measurement; from lower to higher levels, we have nominal, ordinal, interval and ratio scales [9] . Since almost all the statistical procedures can be applied to the interval scale and the ratio scale, it is desirable to represent the user-level QoS by an interval scale or a ratio scale. With the psychometric methods used in [10] Since the law of categorical judgment is a suite of assumptions, we must test goodness of fit between the obtained interval scale and the measurement result. Mosteller proposed a method of testing the goodness of fit for a scale calculated with Thurstone's law [13] . The method can be applied to a scale obtained by the law of categorical judgment. In this paper, we use Mosteller's method to test the goodness of fit.
III. QoS MAPPING A. QoS mapping with mtiltiple regression analysis
Since we cannot control user-level QoS directly, it is desirable to control QoS at lower levels so as to keep userlevel QoS high. To do this, we need to clarify the relationship between user-level QoS and QoS at lower levels. We call the relationship QoS mapping. QoS mapping is also useful for investigating lower-level QoS parameters which affect userlevel QoS. As a method of QoS mapping, the authors have proposed the utilization of multiple regression analysis [10] , [1 1]. In this method, we consider the user-level QoS parameter as a criterion variable, and QoS parameters at lower levels as predictor variables.
In this paper, we adopt multiple regression analysis as the QoS mapping method and consider application-level QoS parameters as predictor variables since the application-level is beneath the user-level. By QoS mapping, we can quantitatively study the effect of the monitor size on user-level QoS of audio-video transmission.
B. Application-level QoS parameters
To perform multiple regression analysis, we must select some application-level QoS parameters as predictor variables. In this paper, we regard measures of media synchronization quality as candidates of the predictor variables.
In general, media synchronization is classified into intrastream synchronization and inter-stream synchronization. Figure 1 shows our experimental environment, where the screen and two speakers are set up ahead of the projector, and three subjects sit at the back of it. The size of the screen is 1.8mx 1.8m. The three subjects simultaneously assess audiovideo streams whose video is projected on the screen. The distance between the screen and the subjects is 4.0 m. The projector is EPSON ELP-5000. We adjust the distance between the projector and the screen so that the monitor size on the screen becomes a predefined size. In our experiment, we treat three monitor sizes which are equivalent to 40, 60 and 80 inch monitors. By using the projector, we can change the monitor size without varying the application-level QoS of audio-video transmission.
To produce audio-video streams for user-level QoS assessment, we simulated audio-video transmission. The network simulator we used is ns [14] . We set up a network configuration shown in Fig. 2 . In this network, the media sender is connected to the media receiver via two routers and transmits a pair of audio and video streams to the media receiver. Table II shows the number of subjects who classified the stimulus into each category by the rating-scale method. In Table II , the leftmost column represents stimulus j(j = 1, ,24). We translate the data measured by the rating-scale method into an interval scale with the law of categorical judgment. In the law, we can consider four conditions, conditions A, B, C and D, which differ in assumptions, approximations, and degree of simplification [12] . In this paper, we try condition D.
Let the probability that s3 is less than c_ be pjg. We regard the proportion of times that si is less than cg to the number of subjects as the observed value of the probability. Under condition D, the law of categorical judgment can be represented by tg -Rjf = Zjg
(1) Figure 3 plots the user-level QoS parameter versus the average load. In Fig. 3 , we make the following observations. First, when the average load is less than 3.0 Mbps, the userlevel QoS parameter value of the 80 inch monitor size takes the highest. In this case, it was difficult to notice the degradation of the quality of the media for all the monitor sizes. Therefore, it is considered that a large monitor size makes us judge higher quality than a small one when there is hardly any degradation of the media. Second, when the amount of the average load are 3.0 and 3. the user-level QoS value of the 80 inch monitor size becomes the highest again. This means that a large monitor makes us feel better when the degradation of media is obvious. Finally, when the average load is over 3.2 Mbps, we hardly notice any difference in the user-level QoS between the monitor sizes. This is because the degradation of media is too much.
B. Classification of application-level QoS parameters
In order to perform QoS mapping from the application-level QoS to the user-level one by multiple regression analysis, we must select some application-level QoS parameters as predictor variables. Then, we classify the application-level QoS parameters by the principal component analysis. As a result, we see that the cumulative contribution rate for the first two principal components is 93.5 %. This means that the first two principal components can present 93.5 % of information involved by the nine application-level QoS parameters. Therefore, we adopt the first and second principal components. Before multiple regression analysis, we select some out of the nine application-level QoS parameters as predictor variables. In order to avoid the effect of multi-colinearity, we select one application-level QoS parameter from each group described in the previous subsection. Consequently, the number of the combination of the application-level QoS parameters becomes 2 x 7 = 14. In this paper, we first perform multiple regression analysis with all combinations of the application-level QoS parameters as predictor variables for each monitor size. Then, we select a combination which achieves the highest contribution rate adjusted for degrees of freedom. Tables VII through IX present contribution rates adjusted for degrees of freedom for each monitor size. (8) (9) The contribution rates adjusted for degree of freedom of Eqs. (7) , (8) and (9) The contribution rates adjusted for degree of freedom of Eqs. (10), (11) and (12) become 0.984, 0.991 and 0.992, respectively. These values are higher than those of Eqs. (7), (8) and (9), respectively. Therefore, we use Eqs. (10), (11) and (12) as a QoS mapping scheme.
In Eqs. (10) through (12) , the values of intercept differ from each other, and this is also the case with those of regression coefficient of 1/C0,. This makes us confirm that the monitor size affects user-level QoS. The regression coefficient of 1 in Eq. (11) is smaller than those of Eqs. (10) and (12) . That is, when the monitor size is 60 inch, the value of the user-level QoS parameter decreases more slowly than those for the other two sizes as C, increases. We can consider two reasons for this. One is that a larger monitor size emphasizes the subjective degradation of video. The other is that a small monitor size decreases subjective quality of video. Consequently, there exists an appropriate monitor size, which may depend on the contents.
VI. CONCLUSIONS We quantitatively assessed the user-level QoS of audiovideo transmission over a ubiquitous IP network with the method of successive categories by experiment. As the first step of our research, we adopted large-sized monitors for evaluation. We assessed the user-level QoS of the audiovideo transmission with three kinds of monitor sizes (80, 60 and 40 inches). We changed the monitor size by using a projector and a screen. The experimental result showed that the user-level QoS parameter of the 80 inch monitor size takes the highest value when we can hardly notice the quality degradation of the audio-video transmission. On the other hand, we also found that the user-level QoS parameter value of the 80 inch monitor size becomes the lowest when the load traffic causes a certain level of degradation of userlevel QoS. However, the result also indicated that we hardly recognize any difference in the user-level QoS between the monitor sizes when the degradation is too much. Moreover, we performed QoS mapping between user-level and applicationlevel by multiple regression analysis. From the QoS mapping, we confirmed that the monitor size affects user-level QoS of the audio-video transmission. That is, the monitor size is one of important application-level QoS parameters which affect user-level QoS.
Some important issues are left as future work. First, in this paper, we treated rather large monitor sizes. In order to consider the effect of the monitor size in ubiquitous environments, we must treat smaller monitor sizes, which are used in PDAs or cellular phones. However, the method used in this paper is applicable to investigation of the case of small-sized monitors. Second, in our experiment, we used a single type of contents. However, the effect of the monitor size on user-level QoS may depend on the contents. Therefore, we will examine the subjective effect by various contents. Third, we will investigate a QoS control scheme which takes into consideration the effect of the monitor size on user-level QoS. By utilizing the effect, we will be able to control the QoS of audio-video transmission more effectively.
